Abstract: Novel naphtho[2,3-f]quinoxaline-2,7,12(1H)-trione and anthra-9,10-quinone dyes were synthesized in good yield from furan-2,3-diones using 1,2-diaminoanthra-9,10-quinone and 1,4-diaminoanthra-9,10-quinone. The chromophores were characterized by molecular spectroscopy methods.
Introduction
Anthra-9,10-quinones and their condensed derivatives with heterocycles such as indanthrone (Pigment Blue 60, I), anthrapyrimidine (Pigment Yellow 108, II) and Vat Yellow 3 (III) (Figure 1 ) possess brilliant hues and very good fastness and represent an important group of vat dyes for the textile industry [1, 2] . In addition to these properties, some anthra-9,10-quinone dyes are widely used in other fields, such as in medicine and food chemistry [3] and high-technology systems [4] . Consequently, anthra-9,10-quinones are interesting compounds from the viewpoint of both their reactions and applications.
Furan-2,3-diones (1) have been shown to be very useful synthons for the preparation of various heterocycles. These compounds show typical carbonyl and lactone reactions, depending on the structures of the nucleophiles involved [5] [6] [7] [8] . For example, furan-2,3-diones undergo cyclocondensations with 1,2-diamines to provide the corresponding quinoxalines and aromatic amines OPEN ACCESS react with furan-2,3-diones to give the corresponding Schiff bases and pyrrole-2,3-dione derivatives, depending on the reaction times and temperature [5, 9] . Furan-2,3-diones (1) can offer many possibilities for the construction of various heterocyclic dyes including the new naphtho[2,3-f]quinoxaline and anthra-9,10-quinone derivatives reported herein. In this work we present new anthra-9,10-quinone (2) and naphtho[2,3-f]quinoxaline (3) dyes derived from the reactions of some furan-2,3-diones with 1,2-diaminoanthra-9,10-quinone (1,2-DAAQ) and 1,4-diaminoanthra-9,10-quinone (1,4-DAAQ), acting as bifunctional nucleophiles.
Results and Discussion
Furan-2,3-dione starting materials 1a-f were prepared according to the literature [10] [11] [12] [13] . The C 5 atom of compounds 1a-d smoothly reacted with the amino group of 1,2-DAAQ and 1,4-DAAQ to give compoubds 2 under mild conditions and in high yields (75-90%, Scheme 1).
Scheme 1. Synthesis of compounds 2.
O O O R 1 O R 2 NH 2 O O O O COOH NH NH O O O R 1 R 2 O COOH 2e 1a-d 2a-d (i) 1, 2: a R 1 , R 2 = Ph; b R 1 , R 2 = 4-MeOPh; c R 1 , R 2 = 4-MePh; d R 1 = Me, R 2 = 4-MePh NH 2 + O O NH 2 NH 2 1,4-DAAQ O O O Ph O Ph (i) O O NH 2 H 2 N
1,2-DAAQ 1a
Reaction conditions: (i) Benzene, RT, 48 h.
Due to the greater reactivity of the amino group attached to the C 2 atom of 1,2-DAAQ, compared with the amino group attached to the C 1 atom of 1,2-DAAQ, 1,2-DAAQ was modified from the amino group attached to C 2 -position of 1,2-DAAQ to give 2e. On the other hand, the amino group attached to the C 2 atom of 1,2-DAAQ did not react with the C 5 atom of 1a at higher temperature, but reacted with the C 3 atom of 1a by forming a Schiff base, which was not isolated (as outlined in Scheme 2). Through attack of the second amino group on the lactone carbonyl group, ring opening occurs. The reactions of 1,2-DAAQ with 1b,c,e,f run via the same reaction pathways to give 3 in nearly quantitative yields of 90-96% in boiling benzene. This proposed mechanism is similar to that reported in the literature for the reaction pathways of furan-2,3-diones with 1,2-diamino nucleophiles [9, 14] . Scheme 2. Synthesis of compounds 3.
The structures of 2 and 3 were confirmed by spectroscopic data and agree with those found for similar compounds [4, 9, 14, 15] . In the NMR spectra, the methine proton signal (low intensity) also revealed that compound 2 occurs as tautomers (2A and 2B), with tautomer 2B as a minor contributor in DMSO-d 6 solutions (Scheme 3). The 13 C-NMR spectroscopic data of 2 also agree with the proposed tautomeric structures. 
The UV-vis absorption spectra of 3a-c,e in DMF at a concentration of 3.333 x 10 -5 mol/L are shown in Figure 2 . The results are also listed in Table 1 . In the visible region, the molar absorption coefficients and the absorption maxima of compounds 3 were observed in the range 1. 
Experimental Section

General
Solvents were purchased from Merck and Carlo Erba. Diaminoanthra-9,10-quinones were purchased from Aldrich and used without further purification. . Elemental analyses (C, H, N) were performed using a Leco CHNS-O 932. Melting points were measured with an Electrothermal 9200 apparatus. GC/MS measurements were performed using a gas chromatograph (Model 6890 Series)-mass selective detector (Model 5973N) system (Agilent Technologies).
General Procedure for the Preparation of Compounds 2a-e
Compound 1 (1 mmol) and 1,2-/1,4-DAAQ (1 mmol) in benzene (60 mL) was stirred for 48 h. The precipitate 2 was filtered off and recrystallized from DMF. Obtained from 1b (0.338 g, 1 mmol) and 1,4-DAAQ (0.238 g, 1  mmol) 
4-[(4-
Amino
4-[(4-Amino-9,10-dioxo-9,10-dihydroanthracen-1-yl)amino]-3-(4-methoxybenzoyl)-4-(4-methoxyphenyl)-2-oxobut-3-enoic acid (2b):
4-[(4-Amino-9,10-dioxo-9,10-dihydroanthracen-1-yl)amino]-3-(4-methylbenzoyl)-4-(4-methylphenyl)-2-oxobut-3-enoic acid
3-Acetyl-4-[(4-amino-9,10-dioxo-9,10-dihydroanthracen-1-yl)amino]-4-(4-methylphenyl)-2-oxobut-3-enoic acid
General Procedure for the Preparation of Compounds 3a-c,e,f
Compound 1 (1 mmol) and 1,2-DAAQ (1 mmol) in benzene (40 ml) was refluxed for 2 h. The redcoloured precipitate (3) was filtered off and recrystallized from DMSO. [2,3- [2,3- [2,3- [2,3- 
3-[1-(4-Methoxybenzoyl)-2-(4-methoxyphenyl)-2-oxoethyl]naphtho
3-[1-(4-Methylbenzoyl)-2-(4-methylphenyl)-2-oxoethyl]naphtho
3-[1-(3,4-Dimethoxybenzoyl)-2-(3,4-dimethoxyphenyl)-2-oxoethyl]naphtho
3-[(3E)-1-Benzoyl-2-oxo-4-phenylbut-3-en-1-yl]naphtho
Conclusions
We have designed and easily synthesized novel naphtho[2,3-f]quinoxaline-2,7,12(1H)-triones and anthra-9,10-quinones in good to excellent yields as potential vat dyes from furan-2,3-diones. Their spectroscopic properties in solution and in the solid state are reported. For commercial dye production, reactions with high yields and relatively straightforward chemistry are preferred. It was seen that furan-2,3-diones have good reactivity to meet these expectations. We believe that preparation of various heterocyclic dyes based on furan-2,3-dione chemistry might make a contribution to the development of high performance pigments. Performances of new dyes will be tested in future studies.
